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Introduction {#sec005}
============

Rectal neuroendocrine tumour (NET) is relatively rare disease. The annual incidence of this pathology is reportedly 0.14--0.76 cases per 100 000 population, with particularly high prevalence among Asian/Pacific Islanders, Native Americans, and African Americans \[[@pone.0211675.ref001]\]. This has also been reported and recognized as a pathological manifestation of mild-to-moderate nuclear atypia and localized disease, mostly with very small rates of metastasis to regional lymph nodes (LNs) or distant organs \[[@pone.0211675.ref002]\]. However, because of similar cancer-specific survival rates of rectal NET with regional or distant metastasis of rectal adenocarcinoma \[[@pone.0211675.ref003]--[@pone.0211675.ref005]\] according to some recent reports of long-term follow-up data, rectal NET is now considered a malignant disease \[[@pone.0211675.ref001],[@pone.0211675.ref006]\]. As difficulty with chemotherapy has been reported \[[@pone.0211675.ref007]--[@pone.0211675.ref009]\], not only local resection but surgical resection with LN dissection around the rectum if LNs metastases are suspected must be used to achieve cure.

National Comprehensive Cancer Network guidelines recommend radical resection with LN dissection for rectal NET \>2 cm in diameter \[[@pone.0211675.ref010]\]. The European Neuroendocrine Tumor Society and North American Neuroendocrine Tumor Society recommend radical resection with LN dissection for rectal NET \>2 cm in size and for 1 to 2cm tumors with muscular invasion or positive nodes \[[@pone.0211675.ref011]--[@pone.0211675.ref013]\]. However, several reports have described tumor size, depth of invasion and presence of lymphovascular invasion as important factors influencing LN metastasis \[[@pone.0211675.ref004],[@pone.0211675.ref005],[@pone.0211675.ref014],[@pone.0211675.ref015]\]. In 2010, Chino et al., from our institution, advocated more precise criteria for radical operation with total mesenteric excision (TME) or tumor-specific mesenteric excision (TSME) \[[@pone.0211675.ref016]\], meaning the inclusion of LN dissection around the rectum \[[@pone.0211675.ref017]\]. Focusing on LN metastasis, we noticed that metastatic LNs from rectal NET seemed rather small when referring to papers about surgical outcomes after laparoscopic rectal excision with LN dissection using the above criteria \[[@pone.0211675.ref005]\]. Globally, computed tomography (CT), especially images using a scan width of 5mm, is generally considered a routine modality to determine operative indications and/or preoperative staging. Our observation regarding the small size of metastatic LNs in rectal NET raises the clinical question regarding whether CT is a reasonable method to evaluate metastatic LN disease. We therefore designed this retrospective study to investigate the size of LNs collected from patients with rectal NET who underwent TME or TSME at our institution, to confirm the clinical value of LN size in rectal NET.

Materials and methods {#sec006}
=====================

Study population {#sec007}
----------------

This retrospective study involved human specimens or tissues, and was approved by the institutional review board of the Cancer Institute Hospital (Ariake, Tokyo; approval number "2017--1148"). Written informed consent was waived because this was retrospective design and the date were analyzed anonymously.

This was a single-center, retrospective study involving 102 patients who underwent rectal resection with TME or TSME for rectal NET between June 2005 and September 2016 at Cancer Institute Hospital, Japanese Foundation for Cancer Research, Tokyo, Japan. Demographic and pathological features were obtained from the database of the Cancer Institute Hospital. Tumors were pathologically diagnosed as rectal carcinoid and classified according to the criteria of the World Health Organization and Union for International Cancer Control, 7th edition \[[@pone.0211675.ref001]\]. Surgical treatment with radical LN dissection and rectal resection was performed based on the following criteria: maximum tumor diameter \>10 mm; tumors with suspected presence of LN metastasis or invasion to the muscle layer as determined by endoscopic ultrasonography, computed tomography (CT), or in some cases magnetic resonance imaging (MRI); and positive resection margins, presence of lymphovascular invasion or NET Grade 2 \[[@pone.0211675.ref017]\] on pathological examination of the specimen after endoscopic mucosal/submucosal resection (ER) (n = 66, 64%) and transanal local resection (TAR) (n = 2, 1.9%) or biopsy. In all cases, additional surgery following previous local resection (with TAR or ER) was performed after a minimum interval of 2 months.

Surgical procedures {#sec008}
-------------------

Rectal resection with TME or TSME was performed by laparoscopic surgery in 97 cases and by open surgery in 5 cases. For both techniques, patients were treated under general anaesthesia in a lithotomy position. Laparoscopic surgery was performed under pneumoperitoneum with carbon dioxide gas insufflation via a 5 port approach, as reported previously from our institution \[[@pone.0211675.ref005]\]. The inferior mesenteric artery was ligated at the level of the origin or just peripheral to the left colic artery, depending on the circumstances of the patient, including physical characteristics and preoperative LN metastasis. For cases with lateral pelvic LN (LPLN) swelling suspected to represent metastasis based on a longitudinal diameter \>7 mm, LPLN dissection (LPLD) was performed, again as reported from our institution \[[@pone.0211675.ref018]\]. Decisions relating to the operation were made at multidisciplinary team conferences according to the preoperative criteria of LN metastasis with longitudinal diameter \>8 mm in the mesorectum or \>7 mm in the lateral pelvic region.

Lymph nodes {#sec009}
-----------

LNs in surgical specimens were identified and isolated by surgeons after surgery, and the numbers and distributions were recorded. After formalin fixation, more than two pathologists cut LNs along the long axis and performed microscopic examinations of haematoxylin- and eosin- stained specimens. Retrospectively, surgeons checked all LNs on saline-coated glass slides and measured the long axes of each node every 1 mm under microscopy and with the naked eye. We recorded LN lengths of 0--1.4999 mm as 1 mm, and lengths over 10 mm as \>10 mm. While LNs in the mesorectum were investigated in those patients who underwent rectal resection with mesorectal excision, LPLNs were also investigated in those who underwent the above rectal surgery plus lateral LN dissection. However, only LNs in the mesorectal region were targeted for calculating sensitivity and specificity because not all cases in this series underwent lateral LN dissection.

Statistical analysis {#sec010}
--------------------

Metastatic LNs were evaluated by receiver operating characteristic (ROC) curves using the area under the curve (AUC) to determine the optimal cut-off value. Continuous variables were compared using the Wilcoxon signed-rank test. Survival outcomes were determined using the Kaplan-Meier method. Values of p \< 0.05 were considered statistically significant. Statistical analyses were performed using JMP version 8.0.2 software (SAS Institute, Cary, NC).

Results {#sec011}
=======

Patient demographic and pathological characteristics {#sec012}
----------------------------------------------------

The demographic and pathological characteristics of patients are provided in [S1 Table](#pone.0211675.s001){ref-type="supplementary-material"} and are summarized in [Table 1](#pone.0211675.t001){ref-type="table"}. All distant metastases were detected in the liver. Mean size of the primary tumor with positive LNs was 12.6mm, and tumor grade with LN metastasis was G1 in 76% (25/33) and G2 in 24% (8/33) of patients.

10.1371/journal.pone.0211675.t001

###### Patient demographic and pathological characteristics.

![](pone.0211675.t001){#pone.0211675.t001g}

  Characteristics                  All cases (n = 102)
  -------------------------------- ---------------------
  Age (median)                     53 (30--76)
  Sex (male:female)                64:38
  Location                         
      upper                        5
      middle                       37
      lower                        60
  Tumor size (median)              8 (3--35)
  0--10 mm                         56
  ≧10 mm                           46
  Multiple tumors                  4
  Preoperative treatment           
      endoscopic resection         66
      transanal resection          2
  Tumor depth                      
      submucosa                    91
      mp∼                          11
  Laparoscopic surgery             97
  LPLD                             7
  Number of lymph nodes (median)   11 (1--27)
  pN0/pN1                          65/37
  LPLN (+)                         6
  Lymphatic invasion (+)           45
  unknown                          3
  Venous invasion (+)              57
  unknown                          6
  Grade(G1/G2)                     75/18
  unknown                          9
  pStage I/IIA/IIB/IIIA/IIIB/IV    62/2/1/0/34/3
  Distant metastasis               3
  Recurrence                       3

※LPLN lateral pelvic lymph node dissection

Size and distribution of mesorectal LNs {#sec013}
---------------------------------------

A total of 1169 mesorectal LNs (n = 102) were retrieved from all specimens. Among those, 78 LNs (6.7%) showed metastasis. Mean long-axis diameter of retrieved LNs was 2.52 mm (range 1--28 mm), with metastatic LNs (4.31 mm; range, 1--28 mm) significantly larger than non-metastatic LNs (2.39 mm; range, 1--8 mm, p\<0.01) [S2 Table](#pone.0211675.s002){ref-type="supplementary-material"}. In the metastatic LN group, 37 LNs (47%) measured \<3 mm, 63 LNs (81%) were ≤5 mm, and only 8 LNs (10%) were \>8 mm ([Fig 1](#pone.0211675.g001){ref-type="fig"}). Metastasis-positive rates for each length of LN are shown in ([Fig 2](#pone.0211675.g002){ref-type="fig"}). Almost all LNs were located around the superior rectal artery (95%), with the remaining (5%) around the inferior mesenteric artery [S3 Table](#pone.0211675.s003){ref-type="supplementary-material"}.

![Size and distribution of mesorectal metastatic LNs.](pone.0211675.g001){#pone.0211675.g001}

![Rate of metastatic LNs according to size of mesorectal LNs.](pone.0211675.g002){#pone.0211675.g002}

Lateral pelvic lymph nodes {#sec014}
--------------------------

LPLD was performed for 7 patients who had presented with LPLN swelling \>7 mm in size on preoperative CT or MRI. One patient displayed simultaneous liver metastasis. Metastatic LPLNs were confirmed in 6 patients (86%), representing the only LPLN metastases in 4 of the 6 patients (66%). Sixteen LPLNs were retrieved from specimens, of which six showed metastasis. These positive LNs had a mean size of 11.6 mm (range, 7--18 mm) [S4 Table](#pone.0211675.s004){ref-type="supplementary-material"}. In the 6 patients with metastatic LPLN, one showed local recurrence and one showed distant recurrence.

Optimal cut-off values for predicting mesorectal lymph node metastasis {#sec015}
----------------------------------------------------------------------

Optimal diagnosis of positive LNs on preoperative examination requires determination of suitable LN length criteria. ROC curves were generated and the AUC calculated. The optimal cut-off of major axis length for predicting mesorectal LN metastasis was calculated to be 3 mm. When cut-off size of the LN was set at 2 mm, sensitivity and specificity for positive detection were calculated as 0.88 and 0.27, respectively. At a cut-off of 4 mm, sensitivity was 0.52 and specificity was 0.83. ([Fig 3](#pone.0211675.g003){ref-type="fig"}). When the cut-off was 8 mm, as the value used clinically for positive diagnosis of rectal adenocarcinoma was adapted to this study, LN metastasis was diagnosed in only 7 patients (21%) on preoperative CT. According to these results, the optimal cut-off was considered to be 3 mm, and we diagnosed LN metastasis in 27 patients (82%) on preoperative CT, but sensitivity and specificity for positive detection at this size were calculated as 0.82 and 0.49, respectively [Table 2](#pone.0211675.t002){ref-type="table"}.

![ROC curve showing optimal cut-off value of 3 mm (sensitivity, 0.795; specificity, 0.61).](pone.0211675.g003){#pone.0211675.g003}

10.1371/journal.pone.0211675.t002

###### Reliability of predicting lymph node metastasis on CT at each cut-off vale.

![](pone.0211675.t002){#pone.0211675.t002g}

  Cut-off value   CT      pN(+)   pN(-)   Total   Sensitivity   Specificity
  --------------- ------- ------- ------- ------- ------------- -------------
  8 mm            ≧8mm    7       0       7                     
                  \<8mm   26      69      95      0.21          1
  3 mm            ≧3mm    27      35      62                    
                  \<3mm   6       34      40      0.82          0.49

Long-term outcomes {#sec016}
------------------

Median follow-up in this series was 37 months (range, 0.7--113 months). One patient (1%) developed local recurrence and two patients (2%) developed distant recurrences among the metastasis-positive LN group. Three patients died, with two deaths related to multiple liver metastases from the primary tumor and one death because of primary lung cancer. The 3-year relapse-free survival rate after excluding clinical stage IV cases (n = 2) was 96%.

Discussion {#sec017}
==========

This study investigated the relationship between LN size and LN metastasis from rectal NET in patients who underwent TME or TSME. This study performed CT with 5 mm cuts, representing a common modality in clinical practice to evaluate metastatic lesions secondary to rectal NETs. Although MRI is well known to produce better images to assess the circumferential margin and detect existence of LNs than CT, in this study MRI would not contribute to predict metastasis, because many patients showed no findings on CT. We thus did not perform MRI in many cases. Another imaging tool, octreotide scan, is useful for determining metastatic diseases in general, although higher-grade colorectal NET lesions are often missed \[[@pone.0211675.ref011]\] and previous studies have reported CT and MRI as superior to octreotide scan for detecting metastasis \[[@pone.0211675.ref019]\].

Our results showed metastatic LNs were significantly larger than non-metastatic LNs. However, the long axis of most metastatic LNs was too small to predict positive LN from preoperative CT. Although several studies of LN size with colorectal adenocarcinoma have been reported \[[@pone.0211675.ref020]--[@pone.0211675.ref024]\], few studies have investigated the clinical value of LN size with rectal NET. Studies relating to adenocarcinoma have reported mean size of non-metastatic /metastatic LNs as 4.2 mm /6 mm \[[@pone.0211675.ref020]\], 2.94 mm/4.59 mm \[[@pone.0211675.ref021]\], and 3.4 mm/6.0 mm \[[@pone.0211675.ref023]\], with 69% and 45% of metastatic LNs \<5 mm in diameter, respectively \[[@pone.0211675.ref020],[@pone.0211675.ref021]\]. Our study showed that in the mesorectum, mean sizes for non-metastatic/metastatic LNs were 2.39/4.36 mm and 81% of positive LNs were \<5 mm in diameter, implying a smaller size of metastatic LNs for rectal NET compared to that of rectal adenocarcinoma. While the sensitivity of preoperative CT for detecting metastasis positive LN was 0.45--0.73 in colorectal adenocarcinoma \[[@pone.0211675.ref025],[@pone.0211675.ref026]\], the sensitivity of CT in rectal NET in our series was a rather lower 0.21. Kim et al. \[[@pone.0211675.ref019]\] speculated that the differences between metastatic LN of NET and adenocarcinoma of the rectum were attributable to the absence of stromal reactions and macroscopic extracapsular extension. They suggested that these features make metastatic LN difficult to diagnose and lead to small metastases being missed in histopathological diagnosis \[[@pone.0211675.ref019]\]. No reports, however, have provided reasons for smaller metastatic LN of rectal NET than those of adenocarcinoma. We wonder if this disease is derived from the Kulchitsky cells located in the crypts of Lieberkuhnt \[[@pone.0211675.ref027]\], originating in the mucosal layer near the submucosa and potentially showing some unique characteristics likely to result in metastasis even with a small primary tumor. These topics remain for future investigations.

Our study showed that 80% of the positive LNs were smaller than 5 mm. The 5-mm interval generally used in CT examinations would thus detect obviously swollen LNs, but may miss small LN metastases and thus increase the difficulty of preoperative diagnosis. In our study, ER/TAR was performed before the operation in most cases (n = 68, 66%). Hence, the LNs may have increased in size after the primary endoscopic procedure due to secondary inflammatory changes. However, the mean sizes of LNs were almost the same and no significant differences were seen between ER/TAR and no-ER/TAR groups. This could indicate that ER/TR induced only slight inflammatory changes in LNs in our study patients because of the time interval between endoscopic resection and operation, and because of the small size of tumors.

As far as distribution of positive LNs in rectal NET in our series was concerned, most positive LNs were located along the superior rectal artery, implying that dissection around the origin of the inferior mesenteric artery may be unnecessary.

In terms of dissection of LPLNs in rectal NET, no evidence-based data have been published to date. In our institution, selective LPLD has been performed for patients with rectal cancer and swollen LNs \>7 mm in longitudinal diameter \[[@pone.0211675.ref018]\]. This indication for LPLD was adapted to rectal NET, with the results interestingly but accurately showing a positive rate of 86% (6/7 patients). Moreover, 4 of the 6 patients (66%) who had positive LPLNs showed no LN metastases in the mesorectum, implying that some patients may first experience first lymphatic flow to this region, as with rectal cancer. We performed curative resection with selective LPLD for 4 patients (66%), but the remaining 2 patients developed recurrence. On the other hand, most patients did not undergo selective LPLD, and no patients developed LPLN recurrence, but this may have been a result of the small sample size. The difference of the size of the positive LNs between mesorectum and lateral region is attributed to the difference of indication for dissection to these two areas. Mesorectal dissection with rectal resection is performed based on tumor size, depth of invasion, and histological findings whereas lateral lymph node dissection is performed based on the size of the lateral lymph node itself. It, however, would not be necessary to adopt the same cut off size of lymph node in the mesorectum to the lateral region because of no lateral lymph node recurrences in even cases without lateral lymph node dissection. Considering the poor prognosis of patients who develop LN metastasis in the lateral pelvic region in cases of rectal cancer, performing LPLD might be effective for rectal NET patients despite the shortage of cases. An important issue to address in the future is suitable surgical treatment for rectal NET in terms of not only TME/TSME, but also LPLD.

Some limitations need to be considered when interpreting the results of this study. First, this study was a single-center, retrospective analysis. Second, a section thickness of 5mm on MDCT was used for preoperative examinations to determine LN metastasis, and may have made smaller LNs (such as those \<3 mm in size) difficult to detect. Third, a definite standardized protocol using methods like the methylene blue or fat clearance method \[[@pone.0211675.ref024]\] for dissecting and measuring LNs was not applied. Fourth, the size of pathologically preserved tissue may be different from that imaged by CT. Kono et al. \[[@pone.0211675.ref023]\] reported that fresh LNs in rectal cancer shrunk by about 30% after formalin fixation. Hence, the LN size in our study, which was measured in pathological preserved tissue, may be smaller than the size of LNs on CT.

Conclusions {#sec018}
===========

This study achieved relatively favorable long-term outcomes, implying a reasonable treatment strategy in our institution and showed the difficulty of predicting LN metastasis on CT. Now that even quite small NET is often detected on screening colonoscopy\[[@pone.0211675.ref028]\], pathological findings if resected by endoscopy and the size over 1cm were properly important factors to predict LN metastasis, rather than preoperative CT imaging.
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